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I‘ Estuaries.” 
By HEXRI LCos PARTIOT, Inspecteur GBn6ral des 

Ponts  et Chaussbes (France). 

Reply of the Author to the 

Blr. Partiot. Mr. €1. L. PARTIOT,~  in  reply  to  the correspondence, observed that 
i t  was  desirable to  define the  meaning of the  term  “neck,” for Mr. 
Shoolbred had  said  that  the  contraction of the Seine  between 
Tancarville  and Quillebeuf had  quite as marked, and a similar 
effect upon the  tidal flow in  that  river, as the one between Royan 
and  Pointe  de  Grave  had upon that of the Gironde.” The  Pointe 
cle Grave, however, which projected like a groyne  towards  the 
opposite  shore,  reduced the  width of the Gironde  to 3 miles, which 
amounted to G& miles a t  Richard  and down to  within a very  short 
distance above the  Point. On the Seine, on the  contrary, 
Tancarville was 3 miles below Q,uillebeuf;  and previously tot the 
training-works,  the opposite bank  was 24 miles  from Tancarville, 
and  about I t  mile from Quillebeuf;  and  the  estuary from Havre 
to  near Aizier appeared  to  him  distinctly trumpet-shaped. The 
two  estuaries acted in a totally different  manner. He considered 
that an estuary  had a neck when  the  two  banks formed a decided 
contraction opposite, or nearly opposite one another, as on the 
Gironde, with a great  enlargement  in  width above and below. 
This neck might be  long, as on the  Tagus below Lisbon, or 
short, as at  the  Pointe de Grave  and on the Foyle. This defi- 
nition would  exclude rivers  with  trumpet-shaped  mouths flowing 
into bays. He  thought  that  the  explanations  he  had  given  in 
his  laper concerning estuaries  with necks would meet some of the 
objections raised in  the correspondence. The  depth  in a neck 
depended  on its  width,  and  the  quantity of water flowing through 
it.  When  the  tides were small, or  the neck too wide, the  depth 
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was less, and  the  lengths of the  resulting  channels below and nfr. Partiot, 
above the neck were  consequently shorter;  and  therefore i t  was 
notlsurprising  that necks, either  natural, or formed by  training- 
walls, might  have an insufficient depth,  and form short  and shallow 
channels. By  deepening  the neck, the channels formed by it 
would be deepened, and  the  bar below the neck would  be lowered ; 
and  it  was  with  the object of thus  lowering  the  bar of the  Loire 
that  he  had proposed to  rectify  and  contract  the oblique  neck 
which  separated  St. Nazaire from Mindin  Point, as referred to  by 
Mr. Vernon-Harcourt in  the discussion. The effect, however, of 
the neck on the  bar would be reduced if secondary  channels came 
into  the  main  channel between the neck and  the  bar ; and therefore 
it would  be  advantageous  to close these  secondary  channels, in  
order to extend  the influence of the neck and  the  principal channel. 
Consequently i t  might be  advisable  to close the  minor  channels 
which opened on the  left  bank  into  the main channel of the Mersey 
below the neck. His theory was independent of the  length of the 
neck, as proved by  the case of the  Tagus ; and  the  bar  might  there- 
fore be brought  under  the influence of the neck, and lowered, by 
prolonging  the neck  seawards by means of jetties. 

It was considered by Professor Gaudard  that it would be better 
to make some of the flood-tide enter  the Seine estuary over  a  low 
breakwater  connecting  Ratier  and Amfard, in  order that  the  water 
might come in  less charged with sediment than  at  present;  but 
he (Mr. Partiot)  was of opinion that  the  tidal  water  might be 
admitted  through  the neck itself, as occurred in  nature  in  the 
estuaries  he  had cited, which  had existed  since the  earliest  times 
without  their  being  silted up. The  tide carried out  as much silt 
as it brought  in,  and more when aided by  the  fresh-water discharge 
of a river, as evidenced by  the  estuary of the Gironde, which  had 
existed for centuries in  spite of the  materials  brought down by  the 
Garonne and  the Dordogne. I n  Professor Gaudard's project for the 
Seine, the  Villerville  channel would admit a current  fully charged 
with  silty sand from the coasts of Calvados, nearly  the sole source 
of the deposits which encumbered the  estuary ; and  the  navigation 
by  this  outlet would be impeded by  the  banks of Trouville  and  the 
Seine. It would be much better  to close this  outlet,  and to  admit, 
as  far  as possible, only  the clear waters of the  Antifer  current  into 
the  estuary. Mr. Shoolbred had been imperfectly informed as to 
the proposals for securing  the approaches to  Havre,  and  the com- 
pletion of the Seine training-works,  which  had not yet been passed 
by  the  Senate and must  return to the Chamber of Deputies. The 
silting-up, however, which  always had occurred in  front of Havre 
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NL Pwtiot. when  the  navigable  channel of the Seine  remained in  the centre, 
or  at  the  south of the  estuary, showed that  the execution of the 
scheme of training-works approved by Mr. Shoolbred would result 
in  the accretion of the foreshore in  front of Havre, behind the 
north  training-wall;  and even  if the opening up of the  Port of 
Rouen  for the  largest vessels should render  the formation of the 
proposed new works on this  site unnecessary, it would be essential 
to  create and maintain a great  depth  in  front of the  existing 
entrance to Havre ; and therefore he could not  support  the scheme 
referred to  by Mr. Shoolbred. 

When  he  had  had charge, as engineer, of the  works  at  the 
outlet of the  Seine for four years, in 1857, the  training-walls 
being  nearly finished  down  to Tancarville and La Roque, he had to 
present a scheme for the extension of the  training-walls,  in com- 
pliance  with  the  request of the town of Rouen, which desired their 
prolongation  down to Honfleur. He, however, soon recognised 
that  the  fears of silting-up manifested at  Havre would be well 
founded if  this project  was  carried  out, and  that  the  entrance of 
the Seine should be fixed close to the  jetties of this port. For  that, 
it would suffice to prolong the  left  training-wall,  transforming it 
into a breakwater  carried  out  in  front of Havre, in  this  way con- 
verting  the  estuary  into a great sluicing-basin which would deepen 
the approach to  the port. The  estuaries of Arcachon and the Gironde 
showed that  great  depths would be obtained  in  front of Havre ; 
that  channels would be scoured out above and below, on the one 
side towards the  trained  river,  and on the  other side  towards the 
deep sea near  Havre; and that  the Seine estuary, being  converted 
into  an  estuary  with a neck,  would  be maintained  like  this class 
of estuary.  This was the basis of his project of 1859. Sub- 
sequently, for the  sake of economy, and  in order  to  increase the 
area of the enclosed estuary,  the  length of the  breakwater was 
reduced by  making  it  start from Villerville,  thereby  constituting 
it a Pointe  de  Grave  at  the  mouth of the Seine. He had also 
designed a low training-wall  along  the  left  bank,  to  direct  the 
current from Honfleur  to the  breakwater ; and  he  had  recently added 
a little  branch  channel  going from the Seine near  Tancarville 
through  the  northern  part of the  estuary, Fig. l .  The essential  por- 
tion of the scheme, however,  consisting in closing the  southern  and 
central channels, and making  all  the  discharge of the Seine and 
estuary go through  the  northern  channel close to  the  jetties ot 
Havre, had been kept unaltered. It was necessary at  the  outset 
to  determine  the  requisite  widths between the  training-walls 
below Tancarville,  which depended on the discharge of the  river 
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at  the  various  points  and  the desired depth,  which  he  had  arrived JIr. Pnrtiot. 
at  by  the methods he had indicated in  1861, and  had developed 
in  1892.’ The  width of the  river was a t  present 1,480 feet 
at  Quillebeuf, and 2,300 feet at  Tancarville;  and  adopting  the 
widths proposed by  the  engineers of the Seine  for the  trained chan- 
nel, of 3,940 feet at  the  mouth of the  river  Rille,  and 4,600 feet 
opposite Honfleur,  he had calculated that,  with  an  average velocity 
of 3 feet per second, these  widths mould give  depths of 104, and 
18: feet below zero respectively a t  these places. As he considered 
it expedient  that, in order  to provide a roadstead for  the  largest 
vessels, a depth of 344 feet below low-water of spring-tides should 
be afforded half-way between  Honfleur and  Havre, a depth of 
46  feet was required  in  the  channel  near  Havre,  equivalent  to 
that of the pass by  which  the flood-tide from the  north  entered  the 
estuary in  the neighbourhood of Havre. Assuming that  the Seine 
was  trained down to  Havre,  and  adopting a mean velocity of 
3$ feet  per second, equal  to  the flood-tide current  in  the Gironde 
at  the  Pointe  de Grave, he  had found that  the  width of the  Seine 
at  Havre should be 2,810 feet. The corresponding  sections at  the 
mouth of the  Rille, Honfleur, and  Havre respectively,  would  be 
10,436,  14,857, and 17,344 square yards, and  the  discharges of the 
flood-tide at   the same points, 271,392, and 505 million cubic  yards 
respectively. The  Seine  thus  trained down to  Havre would, 
accordingly, furnish  increasing sections below Tancarville ; its 
outlet would directly face the  tidal wave, and  the clear current 
coming  from Cape Antifer;  and  it would be placed as far as pos- 
sible  from tho Calvados coast, the source of almost all  the deposit 
in the  estuary.  This scheme, therefore,  he thought  ought  to 
satisfy those who desired  to have  trumpet-shaped outlets. A 
depth of l O &  feet below zero, above the  mouth of the Rille,  would 
afford depths  at  high-water, of 36& feet a t  springs, and 30~: feet 
a t  neaps ; and these depths would be  maintained  by  the action of 
the  currents alone, without  dredging.  Even if the  estuary of the 
Seine was to be  entirely  silted up, the  river  might  still be brought 
into  the  condition  described;  and  the project offered perfect 
security  in respect to  it.  The  estuary, however, would not  silt 
up;  and  new  and  important  advantages could be derived from it. 
To  facilitate  the  maintenance of the  estuary,  he proposed to  reduce 
the  width of the  Seine a little  at  the  mouth of the  Rille  and Tancar- 

‘‘ ktudc sur le mouvement des Mar& dans la partie  maritime des Fleuves, 
1861,” and “Etude sur les Rivieres ‘a MarQ et les Estusires, 1892.” H. L. 
Partiot. 
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DIr. Partiot. ville,  and to form an opening  near  the  latter place, 262 feet wide, 
with  its  sill 3% feet below low-water, thereby  creating a false 
branch, which by its probable wanderings would undermine and 
keep down the  level of the  banks  in  the  estuary,  or if it maintained 
its direction, would produce the effects mentioned by Mr. Stoney 
withreference  to  the proposed training-works in the Mersey,namely, 
the  lowering of the  estuary for considerable distances on each side ; 
and  the  sand  stirred up by the  tides  and waves  would descend int,o 
the  false  branch,  and be carried  away seawards, Fig. 16. The 
volume of water  retained  at  spring-tides  in  the  portion of the 
estuary  to  the  north of the  training-wall on the  right  bank,  had 
been estimated from the  chart of 1880 a t  720,000,000 cubic yards ; 
and  adding to this  the flow in  the  main  channel  during flood-tide 
given above, it appeared that 1,225,000,000 cubic  yards should 

. .  

c * c  

M R .  PARTIOT’S SCHEME FOR TEE SEINE, SHOWIFG AXTICIPATED  RESULTS. 

pass in  through  the neck during  the flood, which,  with an average 
velocity of 33 feet  per second and  six  hours  fifty-nine minutes’ 
duration of flow, would require a section of 44,764 square  yards 
below mean  sea-level at  Havre,  and a total  width of 6,850 feet. 
In this  estuary  with a neck there would  be two channels, one 
going  into  the  main  channel  and  the  other towards Tancarville; 
and  the channels  would have a great  depth  near  Havre,  and would 
form a roadstead  to the  south  and close to the port. A channel 
2,300 feet wide and 33 feet deep  would  be made, giving  Havre  an 
outlet  to  the  north  through  the  little roadstead, which would be 
protected  by a prolongation of the  breakwater over the shoals of 
this  roadstead;  and  an  opening would be left in the  breakwater t o  
the south-west of the  Havre  entrance, 3,937 feet wide, in  the 
neighbourhood of depths of 46 feet  in  the Amfard  channel, so that 
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Havre would be accessible at   al l  times  by  channels  at  least 33 feet Mr. Partiot. 
deep, Fig. 1G. He  had not taken  into account the 114,000,000 cubic 
yards of water  which covered the  triangular  area between the  break- 
water  and Honfleur a t  spring-tides  (which  area would  be kept  low 
near  the low training-wall  by  the effects alluded to by Mr. Stoney), 
because accretions had  taken place since  his calculations of the 
tidal  capacity of the  estuary  had been made, and  further accretions 
might occur before the completion of the works. The formation 
of a triangular  bank  on  the  left shore, similar  to  Tuns  bank  at 
the  mouth of the  Foyle, Fig. 16, Plate 4, must be  anticipated. 
The  meeting of the  two  tidal waves from  the  north  and east in  the 
Bay of the Seine, maintaining  high  water  at  Havre  and  along  the 
Calvados coast, was  a  wide-spread tidal phenomenon which could 
not  be  much affected by  the closure of the  two passes of the Seine ; 
but it was probable that a  portion of the Calvados wave, entering 
the  bay  along  the coast towards  Honfleur, would reach Havre 
earlier  and prolong  somcwhat the period of high-water.  This 
scheme, affording a depth of over 30 feet a t  high-water of neap- 
tides up to  Rouen, a sheltered roadstead for the  largest vessels 
near  Havre,  and  two approach  channels with  depths of 33 feet a t  
low tide  rendering  Havre accessible at  all times, would cost 
S4,000,000, which would  be promptly repaid by  the  saving effected 
in the cost of transport. These results explained why  he could not 
accept the projects  prepared by  the Commission of 1885, or  sub- 
sequently  under  its  inspiration. Nr. de Coene had  stated  that 
the  experiments made a t  Rouen with a little model, similar  to  the 
one employed by Mr. Vernon-Harcourt,  had convinced him  that 
the formation of the proposed neck at  the  mouth of the Seine 
would give  depths of 23 feet a t  low-tide from Tancarville to the 
outlet. He (Mr. Partiot)  joined  with those who urged the con- 
tinuation of these experiments  and  their publication. 

Though Mr. Nengin-Lecreulx  was  struck  with  the  expenditure 
which  this project would involve, he  had  arrived  at  his  estimate of 
S4,000,000, to a great  extent, from the cost of the Boulogne  break- 
water  and of the Seine training-walls ; and of this sum, S2,560,000 
would suffice for the  works above Havre,  the  remainder  being 
required  for  the detached breakwater  facing  Havre,  and for com- 
pleting  the  northern channel. Great economy, moreover, might be 
effected by adopting  the system of construction employed by  the 
Dutch, who were  about  to close the  entrance  to  the  Zuider Zee. 

Both Mr. Mengin-Lecreulx and Mr. Vauthier  had  strongly 
insisted  that  the construction of the neck  would lower the  level of 
high-water  in  the  estuary  and  above;  but  the neck at  the  Pointe 
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h ~ r .  Partiot. de Grave did not  prevent  high-water  attaining  the same level  in 
the Gironde, and up to Bordeaux in the Garonne,  as at  Boyan, ancl 
in  the  Foyle,  the  tide rose higher  at Moville above the neck than 
a t  Warrenpoint below. Moreover, in  these  two estuaries, the 
tide  fell  again  directly  after  high-water ; whereas, a t  Havre,  high- 
water  lasted for  over two hours, facilitating  the  filling of the 
estuary. Observation  was therefore opposed to  this objection. 
Though  the section, moreover, of the  mouth of the Seine from 
Havre  to  Villerville,  with a length of 30,840 feet and an average 
depth of 21% feet, amounted  to 69,255 square yards, as compared 
with 44,764 square  yards a t   the  neck, yet  the  greater  depth of 
58% feet a t  mean sea-level in  the neck  would render  the section 
through  the neck  capable of discharging  slightly more, with  the 
same average slope, than  the other. The  tidal wave  also would 
be propagated more easily  through  the  new  entrance  than a t  
present,  since the  rate of propagation,  according to  Lagrange’s 
formula,  was proportional  to  the  square  root of the  depth, and in  
the neck  would  be l 69 times its present  rate. 

In calculating  the loss of height of high-water  in  the  estuary, 
Mr. Vauthier  had supposed that  the loss in  the neck at  any  given 
time  was  proportional to the  square of the  height of the  water 
above low-water ; but De Prony’s formula of discharge showed 
that  the  height of the  water  must be reckoned from the bottom, 
and not from low-water.  Observation  proved that  the loss of 
height of high-water was generally  nothing  in estuaries, and  that 
the tides passed easily  through necks, as  explained  by  the foregoing 
reasons, and would be the same for  the Seine, and, therefore, he 
need not discuss Mr. Vauthier’s calculations. 

It had been asked by Mr. Mengin-Lecreulx what would happen 
during  the execution of the works. Mr. Partiot believed that it 
would depend on the  way  in  which  they were carried out. He con- 
sidered that  they should  be begun  by  the  Villerville  breakwater,  as 
recommended by Mr. Caland, as the  inner works would thus  be 
executed  much more easily and cheaply. I n  commencing the break- 
water  at  Villerville  by closing the  south  channel,  and  by  beginning 
the foundations of the  breakwater in the middle  channel, the  outlet 
channel would go to  the  north of the Amfard bank as i t  had done 
several  times;  and when, in March 1893, it had  taken  the course 
which  he desired to  give it, the Chamber of Commerce of Rouen 
ascertained  that it was in  a good condition. Inside  the  estuary, 
directly  the  opening  at  Tancarville  had been made, the  northern 
training-wall  should be prolonged, to prevent  the  channel from 
going  away from Honileur. The low training-wall on the  left  bank 

Downloaded by [ University of Hong Kong] on [16/09/16]. Copyright © ICE Publishing, all rights reserved.



P1.0ceedings.l CORRESPONDENCE ON ESTUARIES. 205 

beyond  Honfleur would be constructed towards  the close of the Mr. Partiot. 
works, when silting-up  had begun in  the  triangle between the 
breakwater  and Honfleur. 

Though  there  was no bar  in  the  channel  penetrating  the  estuary 
between the Amfard and  Ratier  banks, it might be said that  the 
sands of the  estuary discharged by the neck would create a bar a t  
the  mouth of the Seine. This  bar, however, would be formed like 
that of the Rhone ; but  the neck being connected with  the  central 
channel, it was certain  that  the  bar would  be formed at  the - 

extremity of this  channel,  in  the  depths of 60 feet below zero 
which were found  near  Havre.  The  bar of the Mersey was 
9;- miles beyond the neck, and  the  bar of the Gironde 15 miles 
from the  Pointe de  Grave. Small-scale models might  give  useful 
indications on this  point ; and Mr. de Coene had  mentioned  that 
the Rouen model had shown a depth of 26 feet over the bar. In 
any case, he  believed that  the  Antifer  current would drive  the 
sands on to  the  Seine  bank,  and  that  the  bar would eventually 
disappear. 

According  to Mr. Mengin-Lecreulx, the opinion of French 
engineers was opposed to  the  scheme;  but Mr. Partiot  had 
received very different assurances ; and  the erroneous views of the 
Commission of 1885, the  resulting obligations, and  the  situation of 
the Government in  France,  must he taken  into account. Mr. 
Mengin-Lecreulx had declared that  the Seine possessed a neck, 
and  that it had  only a limited  depth ; but no neck was now  visible 
in  the Seine, which flow-ed into its estuary  through a gradually 
widening  channel.  He  had also  added that  the  navigation of the 
Gironde was beginning  to meet with difficulties;  these did not, 
however, arise from the neck, whose influence ceased 124 miles 
above, but from the  changes of the  channels  in  the  upper  part of 
the  estuary,  and of the  two  large  rivers  which flowed into  it.  The 
existence of a neck was  evidently not a remedy for every  evil,  but 
i f  the  present condition of Havre was compared with  the  results 
hoped for  from the proposed scheme, i t  was clear that  this  port 
mould be far from  suffering any loss. Though Mr. Mengin- 
Lecreulx considered that  the approaches to  Havre would be 
encumbered by  the  deposit of sands coming  from the Seine bank 
and  the  estuary, nevertheless, when  this  port  was  given  two 
approaches and  depths of 33 feet at   i ts  entrance, no  dangerous bar 
would be formed in  the  north  channel;  the  bar  in  the  south- 
west  channel could be  lowered by  dredging,  and  the  Antifer  current 
would erentually disperse it. The Government  desired to achieve 
success with two separate projects for Rouen and  Havre,  in  spite 
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Mr. Partiot. of the  natural connection  between the  fixing of the  channel  in  the 
middle of the  estuary  and  the  silting up of the  ports of Honfleur and 
Havre ; and  he could not  approve of the adoption of such a course. 

It was urged by Baron Quinette de Rochemont that  rivers 
might be  cited as being  with or without a neck, according to  the 
theory it was  desired  to  establish, and denied that  the  Foyle was 
comparable to  the improved Seine. The  chart, however, of the 
Foyle reproduced almost precisely, when viewed  on the reverse 
side of a tracing,  the  main  features of the Seine scheme as carried 
out  by  nature,  as  well as the  details of the  surroundings,  such as 
the  rivers Touques and  Rille, Pig. 15, Plate 4, and B y .  1G. The 
waters of the  Foyle were  clear, whilst  the Seine  also brought  very 
little  silt down during floods. The  north  winds  which caused the 
travel of the sands along  the coast, directed  them  near  the  Foyle, 
and also the  mouth of the  Bann  towards  the west, just as the  north- 
west  winds in  the  channel pushed them  eastwards  near  the Seine, 
and  turned  the  outlet  channel of the  river Touques in  the same 
direction. The flood-tide coming from  the  north-east at  the 
entrance  to  the  Foyle could not  bring  much sand into  the  estuary 
on account of the neck which protected i t  ; and  the reverse 
current which, after flowing into  the Seine estuary  near 
Villerville,  returned  charged  wit,h  alluvium  in  front of Havre, 
would  not be  able to  effect this  circuit  if  the  southern  and 
central passes were closed ; and the sands from the Calvados coast 
would be arrested  by  the  triangular  bank  which would be formed 
on the  left  bank of the  channel beyond the neck, Fly. IG,  just 
as the  sands  which came from the  river  Bann accumulated on 
the  bank of Tuns, Fig. 15, Plate 4. The  current from Cape 
Inishowen followed the coast, like  the  current from Cape Antifer ; 
and  the  littoral  current of the  Bann was opposed in direction to  the 
other,  like  the  current  along  the Calvados coast. 

The  fact was  recalled by Mr. Vauthisr  that  the  range of tides a t  
the  mouth of the  Foyle  was  much smaller than at the Seine outlet ; 
but  the  only conclusion to be drawn was, that if a rise of 7: feet a t  
springs  gave good results on the Foyle, a rise of 23ij feet would 
give  still  better ones. Baron Quinette de Rochemont said that  the 
Villerville  breakwater would change the regime of the  currents of 
the  estuary;  but  if  this regime was bad, there should be no more 
hesitation  about modifying it than  in  the case of a sick man  to 
cure him. He (Mr. Partiot)  had explained what  the  new regime 
at  the  entrance  to  Havre would be ; and he could not see how the 
second high-water,  which was a purely marine phenomenon, ancl 
which reached Havre  in following the coast of Antifer, could cease 
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to be produced. The  port of Trouville  would  retain  approximately Mr. partiot. 
its present  condition,  for the  travelling  sands from the Calvados coast 
would  continue  their course  along the shore  near the breakwater 
until arrested by  the  triangular bank helow the neck, just  as 
the  river  Bann had  not  been  silted up  by  the  sand  travelling  along 
the coast towards  Macgilligan Point,  which accumulated at  Tuns 
bank. The deposits  which  had  taken  place within  the  last few 
years in  the Seine estuary were partly  due to  the displacement of 
the  banks  in  it;  but  they must also be attributed t o  the  great 
width (5:: miles) of the mouth, all  along which the flood-tide could 
bring  in  the sands,  which the ebb, dispersed  over this wide  outlet, 
was  powerless  to drive  out to sea. Trumpet-shaped  estuaries  were 
silted  up  when  the  channel became fixed, and  this  had been the 
effect of the  training-works down to  the  mouth of the  Rille;  but 
the same  was  not the case in  estuaries  protected by a, contracted 
outlet;  and it was t o  be  regretted  that  the  works  in  the  Seine 
estuary were  not commenced by  the  construction of the  Villerville 
breakwater.  Experiments  with small-scale models might  give 
different results according to  the  manner  in  which  they were 
worked;  and  he would urge  the  continuation of the Rouen  experi- 
ments,  which might  furnish  very different  conclusions to those 
drawn from them  by Baron  Quinette  de  Rochemont. Mr. Vauthier 
considered that  the differences in each outlet involved a separate 
problem  for  each,  and did not take  into account that  nature 
acted i n  accordance with  general laws,  which  were  essential to  
know, and  which  might  often be utilized. He said that  the 
system of necks might be advantageously  used  within  certain 
limits for  tideless rivers;  and  he (Mr. Partiotj agreed with  him 
that,  when such  a river dispersed its  waters over  a great  width a t  
its outlet, it might  be useful to  concentrate  them in a single  point, 
which  was effected by closing the secondary  branches of a delta. 
Mr. Vauthier,  however,  found it  difficult to  understand  the 
advantage of introducing a large  quantity of tidal  water into 
an  estuary or a river  through  a neck, in order  thereby t o  obtain  an 
improvement ; but  the  greater  the volume of water  which  entered, 
the  greater  and deeper  should the  channels become. Observation 
showed that  when  the volume of tidal  water  introduced was 
diminished the  depth soon decreased  and  estuaries silted  up,  and 
that  i t  was most essential to avoid  as  much as possible the reduc- 
tion of the  tidal water. Mr. Vauthier,  in  criticising  the proposed 
scheme for the Seine,  had stated  that  the  training-walls were to 
be prolonged without  increasing  the  widths of the  river;  but it 
had  been  shown by  the case of the Gironde that  the essential 
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Nr. I’artiot. point  was for the sections, and especially the discharges, to increase 
seawards, and  that these  conditions  were  fulfilled in  the  arrange- 
ments of the scheme. He did  not  question  the importance of the 
range of tide,  about  which Mr. Vauthier was so much concerned : 
but  the  laws of nature which he  had pointed out  applied  to  little 
ranges as well as great;  and  the  limit of 13 feet, chosen by Mr. 
Vauthier, was neither fixed nor  justified. A reduction in  the 
width of the neck by  the  travel of the sands, as in  the case of the 
Foyle,  might produce depths  greater  than  proportionate  to  the 
range of tide ; for,  whereas the Gironde at  the  Pointe de Grave, 
with a rise of tide of 17:- feet  and a width of 5,300 yards, had a 
depth of about 100 feet, the  Foyle  with a rise of tide of only 
7% feet, but  with a width  in  the neck of only 1,476 feet, attained 
a depth of nearly 70 feet. Mr. Vauthier  had objected to  the 
examples  cited, commencing with  the  Foyle,  and  had  dwelt on the 
inconveniences they  exhibited  in  spite of the existence of a neck. 
He (Mr. Partiot)  did  not  pretend  that  this condition  exempted them 
from all defects : and  he had confined himself  to deducing from 
these examples, that necks produced great  depths  in  the necks  them- 
selves, and  channels above and below. He  had  taken account in 
his formulas of the  discharges of the  rivers, as well  as  the  range of 
the  tides;  and  he  did not think  that a classification based upon 
these ranges could prove that  the  natural  laws  he had indicated 
were inexact, as &h. Vauthier supposed. 
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